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[17, 18] $q$ R\’enyi [20] Havrda.Charvat [21] Tsallis [22]
(HCT) $\alpha\pm$ (















MPDFT Frisch-Parisi [2] $r$ $(\S \cdot\tilde{u}=0)$ Navier-Stokes (N-S)
$\frac{\partial\vec{u}}{\partial t}+(\tilde{u}\cdot\vec{\nabla})\tilde{u}=-\tilde{\nabla}p+\nu\nabla^{2}\tilde{u}$ (3)
$\Delta$ PDF
$\vec{u}=\tilde{u}(\tilde{x},t)$ $p=\hat{p}/\rho$ ($\hat{p}=\hat{p}(\tilde{x},t)$ ) $\nu=\hat{\eta}/\rho$
($\hat{\eta}$ ) $\rho=\rho(f,t)$ N-S (3)







$u_{n}’=(\frac{\delta u_{n}}{\ell_{n}})(\frac{\delta u_{0}}{\ell_{0}}I^{-1}$ (6)
1 PDF $\delta=2$ Coeta, Lyra, Plastino and Tsallis [23, 24]
$1/(1-q)=1/\alpha_{--}1/\alpha+$ PDF [12, 13, 14]
66
$\ell_{n}$ $\delta u_{n}=|u(\cdot+P_{n})-u(\cdot)|$ (1)
$\ell_{n}$ 2 $u$ ( )
(4) $\delta u_{n}/\delta u_{0}=(P_{n}/\ell_{0})^{\alpha/3}$ (6)
$\ovalbox{\tt\small REJECT}=(\frac{\ell_{n}}{\ell_{0}})^{(\alpha/3)-1}$ (7)











$\alpha$ $\alpha$ $((4)$ .
(5) ) $\alpha$ [2] $\alpha$ $\alpha\sim\alpha+d\alpha$
$\alpha$ $P^{(n)}(\alpha)d\alpha$
$P^{(n)}( \alpha)d\alpha\propto(\frac{p_{n}}{\ell_{0}})^{1-f(\alpha)}d\alpha$ (10)
[5, 12, 13, 14, 17, 18] MPDFT [10, 11, 12, 13, 14, 17, 18] A&A




$\alpha$ $\alpha_{\min}\leq\alpha\leq\alpha_{\max}$ $\alpha_{\min}$ $\alpha_{\max}$ $\alpha_{\min/\max}=\alpha_{0}\mp\Delta\alpha$ $q$
(10) (11) $n\gg 1$
$f( \alpha)=1+\frac{1}{(1-q)\ln\delta}\ln[1-\frac{(\alpha-\alpha_{0})^{2}}{(\Delta\alpha)^{2}}]$ (13)
67
$\tau(\overline{q})$ $=$ $1- \alpha_{0}\overline{q}+\frac{2X\overline{q}^{2}}{1+\sqrt{o_{q}}}$
$+ \frac{\ln 2}{(1-q)\ln\delta}[1-\log_{2}(1+\sqrt{Cff})]$ (14)
$o_{\sigma}=1+2\overline{q}^{2}X(1-q)$ lm $\delta$ (15)
$(\alpha$ $)$ $\tau(\overline{q})$ Legendre [4, 5]
$f(\alpha)=\alpha\overline{q}+\tau(\overline{q})$ , $\overline{q}=$ $f_{d\alpha}^{f(\alpha)}$ , $\alpha=-\frac{d\tau(\overline{q})}{d\overline{q}}$ (16)
[5, 17, 18]
$\{(\frac{\epsilon_{n}}{\epsilon})^{q}\rangle\alpha(\frac{\ell_{n}}{\ell 0})^{-\tau(q)+1-J}$ (17)
$(\cdots\rangle$ $P^{(n)}(\alpha)$ $D(\overline{q})$ $D(\overline{q})=$
$\tau(\overline{q})/(1-\overline{q})$
$P^{(\mathfrak{n})}(\alpha)$ 3 $\alpha_{0},$ $X,$ $q$ $(\epsilon_{n}\rangle=\epsilon(\tau(1)=0),$
$\mu$ $((\epsilon_{n}/\epsilon)^{2})=(\ell_{n}/\ell_{O})^{-\mu}(\mu=\tau(2)+1)$ , (2) 3
$\mu$ $\alpha\pm$ $f(\alpha_{\pm})=0$
$\alpha\pm=\alpha_{0}\pm\sqrt{2bX}$, $b= \frac{1-e^{-(1-q)\ln\delta}}{(1-q)\ln\delta}$ (18)
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PDF MPDFT PDF 2
( (4)
N-S )
PDF 2 ( )
PDF
$\alpha$ PDF
$|x’|= \lim_{narrow\infty}|x_{n}’|$ , $|x_{n}^{l}|=( \frac{\delta x_{n}}{\ell_{n}})(\frac{\delta x_{0}}{\ell_{0}})^{-1}$ (21)
PDF $\delta x_{n}=|x(\cdot+\ell_{n})-x(\cdot)|$ $x$ $\alpha$
$|x_{n}|= \frac{\delta x_{n}}{\delta x_{0}}=(\frac{\ell_{n}}{\ell_{0}})^{\phi\alpha/3}$ (22)
$|x_{n}’|=|x_{n}|(P_{n}/\ell 0)^{-1}=(\ell_{n}/P_{0})^{(\phi a/3)-1}$ $|x’|$ $\alpha<3/\phi$
$x_{n}’$ $\phi=1$ (7) $\phi=2$ $\phi=3$




















$)$ 2 PDF, 1) 2 ( )






$\rangle)$ e $\Pi_{\phi}^{(n)}(x_{n})$ $\xi_{\hslash}$ $\alpha$
$\xi_{n}=\overline{\xi}_{n}(\frac{\ell_{n}}{\ell_{0}}I^{(\phi\alpha/3)-\zeta_{2\phi}/2}$ (29)
$\zeta_{\phi m}=1-\tau(\frac{\phi m}{3})$ , (30)
$\overline{\xi}_{n}=[\{\kappa\gamma_{\phi,2}^{(n)}-\delta_{1,\kappa}[\gamma_{\phi,1}^{(n)}+(1-\gamma_{\phi,0}^{(n)})a_{\phi}(\frac{\ell_{n}}{\ell_{0}})^{\zeta_{\phi}}]^{2}\}(\frac{\ell_{n}}{\ell_{0}})^{-\zeta_{2\phi}}+(1-\kappa\gamma_{\phi,0}^{(n)})a_{2\phi}]^{-1/2}$ (31)







(25) 1 ( ) 2 $\Delta\Pi_{\phi}^{(n)}(x_{n})$
$\xi_{n}^{*}\leq|\xi_{n}|\leq\xi_{n}^{\max}$ $(\alpha_{\min}\leq\alpha\leq\alpha^{*}$ $)$
















2 PDF $\Pi_{\phi,t1}^{(n)}(\xi_{n})\wedge$ $\Pi_{\phi,cr}^{(n)}(\xi_{n})\wedge$
$\xi_{n}^{*}=\overline{\xi}_{n}(\frac{\ell_{n}}{\ell 0})^{(\phi\alpha^{*}/3)-\zeta_{2\phi}/2}$ (40)
$(\Pi_{\phi,t1}^{(n)}(\xi_{n}^{*})=\hat{\Pi}_{\phi,cr}^{(n)}(\xi_{n}^{*})\wedge)$ $(d/d\xi_{n}\ln\hat{\Pi}_{\phi,tl(\xi_{n})|\epsilon_{n}=\epsilon_{\dot{n}}=d/l}^{(n)}d\xi_{n}n\Pi_{\phi,cr}^{(n)}^{\wedge}(\xi_{n})|\epsilon_{n}=\xi_{\dot{n}})$
$\alpha^{*}$ ( $\xi_{n}$ ((40) ))
PDF








$K_{\phi,m}^{(n)}$ $=$ $\frac{3}{\phi}(\frac{\ell_{n}}{\ell_{0}})^{1-f(\alpha)+m\phi a/3}\sqrt{\frac{|f’’(\alpha_{0})|}{2\pi|\ln(\ell_{n}/\ell_{0})|}}\int_{0}^{1}dzz^{m}e^{-[g_{\phi}(\xi_{n}z)-g_{\phi}(\xi_{n})]}$ , (42)
$L_{\phi,m}^{(n)}$ $=$ $( \frac{\ell_{n}}{\ell_{0}})\sqrt{\frac{|f’’(\alpha_{0})||\ln(\ell_{n}/\ell_{0})|}{2\pi}}\int_{\alpha^{*}}^{\alpha_{m*x}}d\alpha(\frac{\ell_{n}}{\ell 0})^{m\alpha\phi/S-f(\alpha)}$ (43)
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1:






PDF 22 PDF $\phi=3,$ $\kappa=1$
PDF $\hat{\Pi}_{\phi,cr}^{(n)}(\xi_{n})((39)$ $)$ Tsallis
(44)$e^{-98(\zeta_{n})}=(\frac{\xi_{n}}{\xi_{n}^{*}})^{\theta-1}\{1-(1-q’)\frac{\theta+f’(\alpha^{*})}{w_{3}}[(\frac{\xi_{n}}{\xi_{n}^{s}})^{w\epsilon}-1]\}^{1l(1-q’)}$
3 $w_{3},$ $q’$ . $\theta$ $w_{3}$
PDF 2 $q’$ (11)







( ) ( )
[25]
1
PDF 4 $x10^{8}$ $\xi_{n}$ $10^{-3}$
PDF
5 $x10^{2}$
$2.5\cross 10^{-3}$ % $\delta=2$ PDF
$r/\eta=6.57$ $r/\eta=394$ 10 16
$\delta=2,$ $\delta=3,$ $\delta=5$ PDF 1, 2, 3
(a) PDF (b)




$0$ 1 2 3
$\xi_{n}$
1: $\delta=2$ PDF ( :(a) (b) )
PDF$($ $r/\eta=6.57,13.1,26.3,50.4,98.6,197,394)$ , PDF $(\mu=0.260$ ,
$(1-q)\ln\delta=0.393,$ $\alpha_{0}=1.15,$ $X=0.310)$ $q=0.433$




2; $\delta=3$ PDF ( :(a) (b) )
PDF$($ $r/\eta=6.57,21.9.65.7,197,591)$ , PDF $(\mu=0.260$,
$(1-q)$ In $\delta=0.393,$ $\alpha 0=1.15,$ $X=0.310)$ $q=0.642$






3: $\delta=5$ PDF ( :(a) (b) )
PDF$($ $r/\eta=8.76,39.4,197)$ , PDF $(\mu=0.260,$ $(1-q)\ln\delta=0.393$ ,
$\alpha_{0}=1.15,$ $X=0.310)$ $q=0.756$
Table 2 PDF (a) 1, (b) 0.4













$\prime ffi\phi_{\nabla}’\star\bigwedge_{\backslash }|\^{>\Delta}|\approx H\triangleright’\lrcorner’|9’\grave{*}*|*\varphi_{n}\varphi^{\text{ }}\grave{\oplus}\iota 0\ominus\approx\lrcorner’\not\subset\star|\neg$
$arrow\aleph\Phi|\lrcorner\vdash|\dot{\mathcal{H}_{1J}^{\wedge}\approx}\vee\approx\wedge=;9arrow\varphi\hat{n}arrow Q_{\backslash }$
$\mathfrak{W}dot{\circ}ir_{I^{\backslash }}\Leftrightarrow$ $\dot{arrow}r^{S}\bigvee_{\dot{n}}\hat{\circ}\Phi\circ 1\hat{\star\dot{\triangleleft\approx}\vee\triangleleft 0}$
X $(\not\in\sim_{w}$
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5: $\alpha^{*}$ $r/\eta$ (Table 2 ) $\delta=2(\circ),$ $\delta=3(x),$ $\delta=5$ $(\triangle$ $)$
$\alpha^{*}=-0.239\log$1$o(r/\eta)+0.860(r=\ell_{n})$
$\mu=0.260$ A&A
PDF $(1-q)\ln\delta=0.393,$ $\alpha_{0}=1.15$ . $X=0.310$
$\delta$ $\delta=2$ $q=0.433,$ $\delta=3$ $q=0.642$,
$\delta=5$ $q=0.756$ 2
$\tilde{n}$ $r/\eta=\ell_{n}/\eta$ ( 2 )
$\tilde{n}=-1.03\ln(\frac{r}{\eta})+7.18$ (45)
4 $r/\eta=\ell_{n}/\eta$ $10^{1}$ $\eta$ Kolmogorov
1 $\tilde{n}$ $\delta$
: $r/\eta=\ell_{n}/\eta$ ( )
$\tilde{n}$ (45)
$\tilde{n}=-\ln(\frac{r}{\eta})+\ln(\frac{p_{0}}{\eta})$ (46)
$\ell_{0}/\eta=1.31\cross 10^{3}$ $\ell_{0}=18.1$ cm
(20 cm) (17.9 cm) ( 1 )
$\alpha^{*}$




6: $\xi_{n}^{*}$ $r/\eta$ (Table 2 ) $\delta=2(0),$ $\delta=3(\cross),$ $\delta=5$ $(\triangle$ $)$
$\xi_{n}^{*}=4.21\log$1 $o(r/\eta)+2.80(r=\ell_{n})$
7: $q’$ $r/\eta$ (Table 2 ) $\delta=2(\circ),$ $\delta=3(\cross),$ $\delta=5$ $(\triangle$ $)$
$q’=-2.16\cross 10^{-2}\log$ 1 $o(r/\eta)+1.01(r=\ell_{n})$
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8: $w_{3}$ $r/\eta$ (Table 2 ) $\delta=2(\circ),$ $\delta=3(\cross),$ $\delta=5$ $(\triangle$ $)$
$\log$1$0^{w_{3}=0.332\log_{1}}$0 $(r/\eta)+\log_{10}$ 0.141 $(r=\ell_{n})$
9: $\theta$ $r/\eta$ (Table 2 ) $\delta=2(\circ),$ $\delta=3(\cross)$ . $\delta=5$ $(\triangle$ $)$
$\theta=1.72\log$1$o(r/\eta)+371(r=\ell_{n})$
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$0$ 50 100 $0$
$\xi_{u}$
1
10: $\delta=2^{1/4}$ PDF ( :(a) (b) )
PDF( $r/\eta=27.5,32.8,38.9,46.3,55.1,65.6,78.0,92.7,110,131,156,186$ .
221, 264, 314, 374, 442). PDF $(\mu=0.345. (1-q)\ln\delta=0.299, \alpha_{0}=1.20, X=0.411)$
$q=-0.728$ Table 3
PDF (a) 1, (b) 01
$\xi_{n}^{*}$ (31) $(\phi=3$ $)$ , (40) $\alpha^{*}$ $\xi_{n}^{*}$
$\overline{\xi}_{n}(31)$ $r/\eta$ (41) $r/\eta$ $\xi_{n}^{*}$
$r/\eta$
(44) $q’,$ $w_{3},$ $\theta$ $r/\eta=\ell_{n}/\eta$ 7, 8, 9
$q’=-9.37 x10^{-3}\ln(\frac{r}{\eta})+1.OL$ (49)





DNS PDF 10, 11, 12
$\delta=2^{1/4},$ $\delta=2^{1l2},$ $\delta=2$ (a) (b)
PDF DNS





$0$ 50 100 $0$
$\xi_{n}$
1
11: $\delta=2^{1/2}$ PDF ( :(a) (b) )
PDF$($ $r/\eta=27.5,38.9,55.1,78.0,110,156.221.314,442)$ ,
PDF $(\mu=0.345, (1-q)\ln\delta=0.299, \alpha_{0}=1.20, X=0.411)$
$q=0.136$ Table 3 PDF
(a) 2, (b) 0.2
$0$ 50 $1W$ $0$ 1 2
$\xi_{n}$ $\xi_{n}$
12: $\delta=2$ PDF ( :(a) (b) )
PDF$($ $r/\eta=27.5,55.1,110,221,442)$ , PDF $(\mu=0.260$ .
$(1-q)\ln\delta=0.393$ . $\alpha_{0}=1.15,$ $X=0.310)$ $q=0.568$
Table 2 PDF (a) 4, (b)
0.4
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A&A PDF $(1-q)\ln\delta=0.299,$ $\alpha 0=1.20,$ $X=0.411$
$\delta$ $\delta=2^{1l^{4}}(=1.19)$ $q=-0.728$
$\delta=2^{1/2}(=1.41)$ $q=0.136$ $\delta=2$ $q=0.568$ $\delta$ $n.\tilde{n}$
3
$\tilde{n}$ $r/\eta$ 13 DNS Kolmogorov $\eta$
$\eta=5.12\cross 10^{-4}[26]$
$\tilde{n}=-0.998\ln(\frac{r}{\eta})+8.37$ (52)




$\ell_{0}/\eta=4.31\cross 10^{3}$ DNS $3\eta[26]$
$p_{0}$ $\ell_{0}/3\eta=1.44\cross 10^{S}$ 0/3$\eta$ DNS
2048 0.5 $\ell_{0}/\eta$ DNS [26]
$L/\eta=2.130\cross 10^{\theta}$ 2 31 o/$\eta$ ( )
$\alpha^{*}$ $r/\eta$ $\delta$ ( 3 ) $\xi_{n}^{*}$ (31)





$r/\eta$ ((31). (41), (40) ) $r/\eta$
(39) PDF$(\phi=3$ $)$ $q’,$ $w_{3},$ $\theta$ $r/\eta$ 15, 16,
17 15
$q’=-9.37 \cross 10^{-3}\ln(\frac{r}{\eta})+1.01$ (55)
$w_{3}$
$\theta$ $r/\eta$
$\ln w_{3}=0.280\ln(\frac{r}{\eta})-1.68$ , (56)
$\theta=0.667\ln(\frac{r}{\eta})+0.585$ (57)
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14: $\xi_{n}^{*}$ $r/\eta$ (Table 3 ) $\delta=2^{1/4}t\triangle)$ . $\delta=2^{1/2}(x),$ $\delta=2$ (o)
$\xi_{n}^{*}=-18.4\cross\log_{10}(r/\eta)+55.1(r=\ell_{n})$
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15: $q’$ $r/\eta$ (Table 3 ) $\delta=2^{1/4}(\triangle)$ . $\delta=2^{1/2}(\cross)$ . $\delta=2$ (o)
$q’=-3.71\cross 10^{-2}\cross\log_{10}(r/\eta)+1.00(r=\ell_{n})$
16: $\xi_{n}^{*}$ $r/\eta$ (Table 3 ) $\delta=2^{1/4}(\triangle),$ $\delta=2^{1/2}(\cross),$ $\delta=2t\circ)$
$\log$1$0^{w_{3}=0.280\log}$1$o(r/\eta)-1.68$ (r $=\ell$
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$k^{1}\vdash\ovalbox{\tt\small REJECT}\#\hat{\text{ }}\mathfrak{M}\dot{i9}t^{1}\lrcorner 1J’>\star^{1}\kappa\Delta H$


















( 4, 13 ) MPDFT $(\ell_{n}$
)
PDF PDF DNS PDF
$\alpha^{*}$
$\xi_{n}^{*}$ $\xi_{n}^{*}$ $\ell_{n}$
( 6, 14 ) PDF
$\xi_{n}^{*}$
$q’$ n/ $\eta$
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